for both humans (Forzano & Logue, 1992 , 1994 , 1995 Forzano, Porter, & Mitchell, 1997; Logue & King, 1991) and nonhumans (Chelonis & Logue, 1997; Logue, Rodriguez, Pena-Correal, & Mauro, 1984) .
Experiments have shown that a number of factors can affect the degree of self-control demonstrated by children. For example, children's self-control has been shown to vary as a function of age (Logue, Forzano, & Ackerman, 1996; Mischel & Mischel, 1982; Sarafino, Russo, Barker, Consentino, & Titus, 1982; Sonuga-Barke, Lea, & Webley, 1989b) , gender (Funder, Block, & Block, 1983; Logue & Chavarro, 1992) , language ability (Rodriguez, Mischel, & Shoda, 1989) , reinforcer amount and delay (Logue & Chavarro, 1992; Schweitzer & Sulzer-Azaroff, 1988) and systematic increases in the delay to the larger reinforcer (Schweitzer & Sulzer-Azaroff, 1988) .
However, in none of these experiments were children exposed to reinforcer cues. This is despite the fact that exposure to visual cues has been shown to significantly influence the choice and responding of both adults and children. For example, Forzano and Corry (1998) showed that exposure to visual food cues influenced many adult human females' selfcontrol in a self-control paradigm. In addition, several studies have examined how waiting in children is affected by the presence of food cues within a delay of gratification paradigm. For example, in Mischel and Ebbesen's (1970) experiment, preschool children waited for a preferred but delayed reward while facing either the delayed reward, a less preferred but immediately available reward, both rewards, or no rewards. They found that voluntary waiting time for the preferred but delayed outcome was substantially increased when the rewards were physically absent, compared to when the rewards were physically present.
The purpose of the present experiment was to conduct the first examination of the effects of visual food cues on the choice behavior of children in a self-control paradigm. More specifically, the present experiment compared, in a within-subject design, self-control in children, when visible food cues were present, and when visible food cues were absent. Food, or reinforcers in the experiment, consisted of programmed periods of delays before gaining access to either M&Ms or raisins. Children 37 months to 47 months of age were examined. Given the fact that some (but not all) previous research has found that boys demonstrate less self-control than girls (see, e.g., Feingold, 1994; Kanfer & Zich, 1974; Logue & Chavarro, 1992; Sonuga-Barke, Lea, & Webley, 1989a; Trommsdorff & Schmidt-Rinke, 1980; Walsh, 1967) , children of both genders were used as participants. It was predicted that overall, children would demonstrate less self-control when food cues were present and that this effect may be different depending on participants' gender.
Method

Participants
The participants were 22 3-year-old children, 10 boys and 12 girls.
Participants were recruited from signs posted on and around the State University of New York College at Brockport campus, from advertisements in the local newspapers, and by means of letters sent to parents of children at local child care and preschool centers. During the experiment, all children received either M&M or raisin halves, as chosen for each child by that child's parents at the start of the experiment (see Logue et aI., 1996 , for identical procedure of parental choice of reinforcement from a limited list of edible items). In addition, all participants' parents were asked to ensure that their children neither ate nor drank for at least 2 hours prior to the start of each session. All participants' parents were told that the experiment involved examining children's choices between rewards of varying sizes and delays and that their children's choices would be discussed with them immediately following the end of the entire experiment. Parents were reimbursed $25.00 at the completion of the entire experiment for the transportation costs of their child's participation.
Apparatus
The experiment was conducted in a small, windowless room 3.20 m by 2.13 m. The room contained a table (90 cm wide, 44 cm high, and 59 cm deep) on which the experimental apparatus was placed. The apparatus was a wooden box (76 cm wide, 80 cm high, and 47 cm deep) with an open back (adapted from Schweitzer & Sulzer-Azaroff, 1988; identical to the apparatus used by Forzano & Logue, 1995; Logue & Chavarro, 1992; Logue et aI., 1996) .
The front panel of the apparatus (see Figure 1 ) had a picture of Mickey Mouse's face painted on it with a white light in the middle of Mickey's nose. Below Mickey's face, approximately eye level to child, there was a small wooden box with a clear Plexiglas front panel (4 cm wide, 7 cm high) which was either empty or contained either M&Ms or raisins depending on which session and order the participant was in. There were two lights 1 cm below the wooden box. The left light could be illuminated green, and the right light could be illuminated red. Located 10 cm below each light was a drawer (each 11 cm wide, 19 cm deep, and 6 cm high). The left drawer was green inside and the right drawer was red inside. During periods of reinforcer access, the drawer emerged from the panel. This forward movement caused the drawer to protrude 13.5 cm from the panel and thus allowed the participant to open the lid of the drawer and remove the reinforcers. At all other times the drawers remained closed, flush with the front of the apparatus. In front of each drawer, on the base of the apparatus was a button. These buttons produced feedback clicks when activated.
Behind the front panel of the apparatus were electromechanical switches and timers that controlled the experimental events. The experimenter sat behind the apparatus, unobserved by the participant, and operated the apparatus and recorded the participant's responses. The participant sat in a small chair in front of the apparatus.
Procedure
The participants were escorted into the laboratory waiting room by one or both parents. After completing a consent form, the parent was asked to write down everything that their child had to eat or drink before coming to the lab that day, how much, and at what time they had it (to ensure a minimum 2-hr food and water deprivation). This procedure was repeated at each of the subsequent sessions.
For the first session each participant was escorted to the experimental room by one or both parents and the experimenter next gave the participant the following instructions (identical to Forzano & Logue, 1995; Logue et aI., 1996) If necessary, the experimenter gave the participant additional practice. When the participant could press the two buttons, open the drawers, and take out and eat the food items, independently of the experimenter's assistance, the experimenter then gave the participant the following instructions. The experimenter then sat on a chair in back of the apparatus. There was no further communication between the experimenter and the participant during the session unless the experimenter had to remind the participant to attend to the task (a very rare occurrence).
At the beginning of all subsequent sessions the ability to operate the apparatus was reconfirmed. The participants were asked two questions: "Do you remember how to play the Mickey Mouse game?" and "What are you going to do when Mickey's nose lights up?" For each question, the experimenter waited for the correct response or demonstrated the procedure again. At the end of each session, participants were asked, "Did you like to press one button more than the other today?" "Which button did you like to press today?" "Which color?" "Why did you like to press that color button more today?" The experimenter recorded the participants' responses on a response sheet.
Each session consisted of 14 discrete trials. The trials were programmed similarly to the programming of previous self-control experiments, including those using as participants adult humans (e.g., Forzano & Corry, 1998; Forzano & Logue, 1992; Logue & King, 1991; Logue et aI., 1986) and preschool children (Logue & Chavarro, 1992; Logue et aI., 1996) . The intertrial intervals (ITls) were adjusted such that there was always 1 minute between the start of each trial, unless a participant responded extremely slowly so that 1 minute had already passed when the reinforcer access period ended (in which case the next trial began immediately). This procedure ensured that frequency of reinforcer access periods remained constant at one access period per minute regardless of a participant's choices and that session time remained constant at 14 minutes.
The first four trials of each session were forced-choice trials (only one altemative was available and effective). The forced-trials ensure that the participants were exposed to the contingencies for both left and right button pushes prior to making free choices. The remaining 10 trials were free-choice trials for which both response alternatives were available and effective.
At the beginning of a free-choice trial the white light in the middle of Mickey's nose was lit, signaling the availability of a choice (see Figure 2) . If the left button was pushed, a feedback click was produced, the white light was darkened, and the green light above that button was lit. This signaled the reinforcer delay period. When the delay was over, reinforcement access was provided (Le., the left drawer slid out from the apparatus and the participant opened the lid on top of the drawer, removed the food items and ate them). When the food had been removed from the drawer the experimenter pulled the drawer back in, the green light above the drawer darkened and ITI began. The next trial began with the reillumination of the white light in the middle of Mickey's nose. The sequence of events following a right button press was the same, except that the red light above that button was lit and the right drawer slid out from the apparatus. The sequence of events for forced-choice trials was the same except that only a response on one button was functional (i.e., produced a feed back click, darkened the white light, illuminated the respective delay light above that button, began the reinforcer delay period, and delivered the reinforcer). The four forced-choice trials at the beginning of each session alternated between the left and right buttons, with the first forced-choice trial of each session being on the left button. In the event that a child continually pressed an ineffective button during a forced-choice trial, the experimenter instructed him/her to try the other button.
Each participant was exposed to three conditions (see Table 1 ; see Forzano & Cory, 1998 , for similar conditions). Condition 1 was a training condition where pressing either button resulted in a 15-s delay followed by two reinforcers. There were two experimental conditions each with two sessions. In one set of conditions visual food cues were present (i.e., the small wooden box with a clear Plexiglas front panel contained a plastic box filled with M&Ms or raisins). In the other set of conditions the visual food cues were absent (Le., the small wooden box with a clear Plexiglas front panel did not contain the plastic box of M&Ms or raisins). To control for order effects, Participants 2, 8, 12, 19, 23, 24, 25, 28, 29, 33 , and 34 were exposed to the food-cues-present condition first followed by the food-cues-absent condition (Order 1, as shown in Table 1 ). Participants in Order 2, 1, 5, 7, 9, 11, 13, 16, 21, 26, 32, and 35 , received the experimental conditions in the opposite order, thus receiving the food-cuesabsent condition first followed by food-cues-present condition.
For the experimental conditions (Sessions 2-5) for one alternative a 30-s prereinforcer delay was followed by access to three M&Ms or raisins (the self-control alternative), and for the other alternative a O-s prereinforcer delay was followed by access to one M&M or raisin (the impulsive alternative). In similar studies, preschool children have showed sensitivity to these reinforcer parameters (Logue & Chavarro, 1992; Logue et aI., 1996) . To control for position and color biases half of these conditions programmed the self-control alternative for the left choice, and half for the right choice.
Participants were exposed to one session per day, approximately 5 days per week. It took a mean of 10.0 calendar days (SE = 1.1) to complete the five sessions.
Results
All of the participants learned to operate the apparatus during the first few minutes of the first session. All participants ate the reinforcers as soon as they were received. Of the 22 participants, 19 received M&M halves as the reinforcers, and the remaining 3 participants received raisin halves as the reinforcers. Seventy-seven percent of partiCipants made verbalizations or gestures indicating their awareness of the food cues manipulation.
All analyses were performed using the data from the 10 free-choice trials for each of the experimental conditions (SeSSions 2-5). An alpha level of .05 was used for all statistical tests. The dependent variables consisted of two proportions of responses that the participants made on one of the two buttons. The proportions examined were (a) the proportions of self-control responses (Le., the proportions of button presses for the larger, more delayed reinforcer-the left button for Sessions 2 and 4 and the right button for Sessions 3 and 5), and (b) the proportions of alternating responses (i.e., the proportions of button presses in which a button press on a given trial was on the opposite button from the previous trial).
There were no significant differences in the data obtained from the reversal conditions (Sessions 2 and 3, and Sessions 4 and 5) for both proportion of self-control responses [~21) = -1.19; ~21) = -0.39] and proportion of alternating responses [~21) = +1.26; ~21) = -0.79]. In other words, there were no statistically significant position or color biases. Therefore, for all further analyses the data for each pair of conditionsSessions 2 and 3, and Sessions 4 and 5 were combined. Table 2 displays the data for each participant in the food-cues-present and food-cuesabsent conditions.
The critical dependent variable in this experiment was proportion of total responses made on the self-control alternative. There were two such calculations for each participant-one measure of self-control for when food cues were present, and one for when food cues were absent. Figure 3 shows the mean values of proportion of self-control for the two conditions, separately for each participant. Of the 10 males, 4 (Participants 8, 33, 16, 21 ) demonstrated more self-control in the conditions in which food cues were absent (shaded bars) than in the conditions in which food cues were present (open bars). In contrast, 5 of the males (Participants 29, 34, 11, 32, 35 ) demonstrated more self-control in the conditions in which food cues were present (open bars) than in the conditions in which food cues were absent (shaded bars). Finally 1 male (Participant 12) appeared to be unchanged by this manipulation.
Of the 12 females, 4 (Participants 28, 1, 5, 13) demonstrated more self-control in the conditions in which food cues were absent (shaded bars) than in the conditions in which food cues were present (open bars). In contrast, 7 of the females (Participants 2, 19, 23, 25, 24, 7, 26) demonstrated more self-control in the conditions in which food cues were present (open bars) than in the conditions in which food cues were absent (shaded bars). One female appeared to be unchanged by this manipulation (Participant 9).
A 2 x 2 x 2 mixed design ANOVA was performed with order and gender as the between-subject independent variables and proportion of self-control in food-cues-present and food-cues-absent conditions as the A 2 x 2 x 2 mixed design ANOVA was performed with order and gender as the between-subject independent variables, and proportion of alternating responses in food-cues-present and food-cues-absent conditions as the within-subject repeated dependent variable. The main effect of food cues was not significant [F(1, 18) More detailed examination of the proportion of alternating responses reveals, first, that in both the food-cues-present and food-cues-absent conditions, males demonstrate a statistically significant lower proportion of alternating responses than would be expected by chance. That is, they show a proportion of alternating responses that is statistically significantly less than .05 [~9) = -2.38, ~9) = -2.29, respectively). However, in both conditions females' proportions of alternating responses are not statistically significantly different from what would be expected by chance
Further analyses were conducted comparing Order 2 participants' choice proportions and proportion of alternating responses in the foodcues-absent condition of the current experiment with choices made in another experiment (Logue et aI., 1996) in which 18 3-year-old children were exposed to procedures identical to those used in Order 2 of the present experiment, with the exception that they received the food-cuesabsent condition only. There were no significant differences, for either male or female partiCipants, between the choice proportions [~9) = -0.85, ~18) = -1.71, respectively] and the proportion of alternating responses [~9) + 1.84, ~18) = 1.68, respectively] in the 1996 experiment of Logue et al. and the current experiment.
Discussion
This experiment effectively examined the effects of visual food cues on the choice behavior of children in a self-control paradigm. Although a main effect of food cues was not found, the results suggest that the presence or absence of food cues can influence the choice behavior for food reinforcers of most children. Of the 22 children, 20 were affected by the manipulation of food cues.
More specifically, 8 children demonstrated more self-control in the conditions in which food cues were absent than in the conditions in which food cues were present. These results are consistent with the results obtained for dieting adult partiCipants in Forzano and Corry's (1998) experiment, which demonstrated that dieters tended to exhibit somewhat less self-control when food cues were present than when food cues were absent. The current results are also consistent with the research of Mischel and Ebbesen (1970) and Mischel, Ebbesen, and Zeiss (1972) . These researchers have found that the amount of time children would voluntarily delay food gratification was decreased if the rewards were physically present and increased if participants were physically or cognitively distracted from the reinforcers.
In contrast, 12 children demonstrated more self-control in the conditions in which food cues were present than in the conditions in which food cues were absent. One possible explanation for this finding is that the visual food cue served as a reminder of the reinforcer for the child, hence serving to bridge the gap between the time the choice was made and the receipt of the reinforcer (i.e., the delay), therefore making it easier to wait for the more delayed reinforcer. Mischel and Ebbesen (1970) hypothesized in their research that conditions that help the participant to attend mentally to the delayed reinforcer for which the participant is waiting should help the participant to sustain the delay. Consistent with this hypothesis is Jones and Gerard's (1967) discussion of "time binding." In their view, any factors that make delayed consequences more salient (i.e., visual food cues in the present experiment) should enhance impulse control and voluntary delay.
Why some children were affected one way by the food cues manipulation and other children in the opposite direction remains to be explained. Additional research replicating this experiment with the addition of other behavioral and parent-and child-report of eating behavior and eating history could help to distinguish which children's food choices will be adversely or positively affected by the presence of visual food cues.
Further, the results indicate that the food cues manipulation has different effects on male and female children. In the conditions where food cues were absent, no Significant difference was found between males' and females' choice behavior. These results are in direct contrast with research demonstrating that male 3-and 4-year-olds demonstrate less self-control than females (Funder et aI., 1983; Logue & Chavarro, 1992) . However, it is important to note that in both of these previous experiments secondary reinforcers (i.e., toys and stickers, respectively) were used, not primary, food reinforcers, as used in the current experiment.
The results are consistent with previous research that has obtained no significant differences in the self-control of male and female 3-yearolds (Logue et aI., 1996) and male and female adults (Forzano & Logue, 1992) responding for food reinforcers when food cues are absent. In the present experiment, in the conditions where food cues were present, a significant difference was found between males and females, with females demonstrating less self-control. This very early difference between males and females in responsiveness to food cues may playa role in females' future increased susceptibility to impulsive behaviors with regard to eating. For example, anorexia nervosa and bulimia nervosa are eating disorders that usually occur in females. Only about 5% of anorexics and bulimics are male (APA, 1994) . Further, more women than men are obese (McNulty & Williams, 1999) . No other study has examined gender differences in choice behavior for food reinforcers when food cues are present. Forzano and Corry's (1998) study examined adult females only. Additional research with both children and adults is warranted.
The results of the present research add to the literature demonstrating that humans' choices in a self-control paradigm are affected by amount, delay, type, and preference of reinforcement (Forzano & Logue, 1992 , 1994 , 1995 Forzano et aI., 1997; Logue & King, 1991; Logue et aI., 1986; Logue, King, Chavarro, & Volpe, 1990) . The mechanism by which exposure to visual reinforcer cues affects selfcontrol is unclear at this point. It is possible that this exposure may affect humans' sensitivity to reinforcer amount relative to sensitivity to reinforcer delay. Preference for reinforcement has been found to affect humans' sensitivity to reinforcer amount relative to sensitivity to reinforcer delay (Forzano & Logue, 1995; Forzano et aI., 1997) . Sensitivity to variation in reinforcer amount relative to sensitivity to variation in reinforcer delay is commonly used as a quantitative measure of self-control (Forzano & Logue, 1994 , 1995 Forzano et aI., 1997 ). However we can not rule out the possibility that reinforcer cues are acting independently on humans' choices. Additional research could examine this issue.
Finally, the results of the present research may differ given, for example: the reinforcement schedules, the absolute values of the amounts and delays of reinforcement, the type of reinforcer, the type of food used as the cue, the palatability and preference of the food cue, the salience of the food cue, the mode of presentation of the food cue-visual versus for example olfactory, and different deprivation levels. Additional research could examine these issues.
